Mapped correlations between the annual water-year discharges of the major Eurasian 11 rivers entering the Arctic Ocean [Severnaya Dvina, Pechora, Ob', Yenisey, Lena and 12 Kolyma] demonstrate a relationship between discharge and the Palmer Drought 13 Severity Index [PDSI] within the individual basins and more distant areas over the 14 period . The relationship between recent discharge and PDSI supports the 15 application of dendrohydrological modeling to produce reconstructions of discharge 16 extending back before the 20 th century. The dendrohydrologic models explain from 17 41% [Yenisey] to 55% [Pechora] of the observed variability of flow in the individual 18 basins and 39% of the total combined discharge. Discharge reconstructions for the 19 period AD 1800-1990 indicate that there is no long-term monotonic trend towards 20 higher discharge over the past 200 years and annual discharge for the individual 21 rivers and the total discharge experienced in the second half of the 20 th century is 22 generally within the bounds of natural variability experienced over the past 200 years. 23
Introduction 32
Sustained increases of river discharge from northern Eurasia into the Arctic 33
Ocean basin could be a key diagnostic of global climate warming. In addition, through its 34 impact on North Atlantic Deep Water [NADW] formation, increased input of freshwater 35 to the Arctic Ocean could potentially alter ocean circulation and global climate [Aagaard 36 and Carmack, 1989; Broecker, 1997; Manabe and Stouffer, 1994; Peterson et al., 2002; 37 Rahmstorf, 2002, Vellinga and Wood, 2002; Arnell, 2005] . For this reason, detecting and 38 understanding the natural variability and genesis of such increases is northern river 39 discharge is of critical importance to climatic change research [Vörösmarty et al., 2001] . 40 Increases in northern Eurasian discharge have been linked to enhanced transfer of 41 moisture to the northern high latitudes resulting from altered climate patterns associated 42 with global warming [Peterson et al., 2002; McClelland et al., 2004] . On a regional 43 scale, permafrost thawing could also produce a transient increase in freshwater delivery 44 analysis of discharge records, suggests that the construction and operation of large dams 55 may have altered the seasonal distribution of discharge [Yang et al., 2002 Ye et al., 56 2003; McClelland et al., 2004] , an overall annual increase in discharge appears to be a 57 robust feature of the recent hydrology [McClelland et al., 2004] . In addition, there is 58 some evidence of contemporaneous freshening of the North Atlantic in recent decades 59 [Curry et al., 2003; Curry and Mauritzen, 2005] . the uncertainties associated with Arctic precipitation records Yang 70 et al., 2001; ; Pavelsky and Smith, 2006 ]. Another critical 71 limitation is the brief span of the discharge records themselves. With a common period 72 extending less than 60 years into the past, the short instrumental discharge records make 73
it impossible to answer the central question of whether or not the discharge gains of past 74 decades are unprecedented in this and recent centuries, possibly reflecting global 75 warming, or if they lie within the boundaries of typical longer-term natural variability. 76 Furthermore, the discharge records from northern Eurasian rivers are too short to test for 77 the significance of low frequency modes associated with variations North Atlantic 78 temperatures and salinity such as the North Atlantic Oscillation [NAO], or Arctic 79 Oscillation [AO] which vary at decadal to multi-decadal time scales [Cook et al., 2002; 80 D'Arrigo et al., 2003; Polyakov et al., 2005] . Given the impact of North Atlantic 81 conditions on northern Eurasian climate in both winter and summer [Ogi et al., 2003] and 82 the influence of river discharge on salinity it is conceivable that significant feedbacks link 83 the two systems and contribute to defining such modes of variability. 84
One means of extending short hydrological records is provided by the analysis of 85 tree-rings. In many cases, the radial growth of trees, even in higher latitudes, is sensitive 86 to the same hydroclimatological parameters, such as seasonal precipitation or evaporation 87 rates, that influence river discharge and can therefore be used to reconstruct discharge 88 variations related to climatic variations [Stockton and Fritts, 1973 The tree-ring chronologies used to examine the relations between flow and ring-141 width variations and produce the dendrohydrological models were obtained from the 142 The model with the lowest cross-validation standard error [CVSE] was selected for 184 calibration. The dendrohydrological models were calibrated and statistically verified over 185 a common period of observed discharge records of 1938-1990. 186 In order to test for periodic to quasi-periodic variability in discharge, and examine 187 the strength of such variability over the span of the reconstructions, the estimated 188 discharges were subjected to wavelet analysis [Torrence and Compo, 1998 ]. The water-year discharge between the six major rivers for the common period 1938-1990 214
[ Table 1 ]. Significant correlations typically occur between adjacent basins and are 215 positive, with the exception of the Lena and Kolyma which have a weak but significant 216 negative correlation over the common period. 217
Although correlations between discharge and PDSI are strongest within each 218 basin and nearby adjacent areas, there is also evidence of wider climatic teleconnections. The reconstructed discharge series extend from 1800 to 1990 [ Figure 5 ]. These 245 are available as supporting online material. Similar to the correlations between station 246 gauge records of water year discharge from 1938-1990, the correlations between the 247 long-term discharge between many of the individual basins are generally weak to 248 insignificant [ Table 3 ]. This result helps to verify the independence of the estimated 249 discharge records for each of the rivers. To further examine the veracity of our total 250 discharge reconstruction, we compared the estimated time series of combined discharge 251 for all rivers derived from a single dendrohydrological model [ Table 2 ; Figure 5 ] with an 252 estimated time series of total discharge derived by summing the annual discharge 253 estimates from the six individual rivers. We found that the two reconstructions of total 254 annual discharge were extremely similar and highly correlated [r = 0.78, p < 0.05].There 255 is no evidence from the reconstructions that discharges over the late 20 th century, or the 256 20 th century in general, are beyond the bounds of natural variability as expressed by tree 257 rings over the past 200 years [ Figure 5 ]. Although some high-discharge years in the 20 th 258 century exceed the 95% confidence limits [>1.96 σ] of overall discharge variability from 259 1800 to 1990, similar magnitude events are apparent for the 19 th century in all records 260
[ Figure 5 ]. The reconstructed means for annual discharge over the period 1800-1990 are 261 closely similar to the observed means from the recent period 1938-1990 [Table 3 ]. Total 262 discharge for the individual rivers and the combined river discharge show no statistically 263 significant trend over the period Most importantly for the present study, as tree-ring records are typically sensitive to 284 variations in PDSI, the results of the PDSI-discharge spatial analysis supports the 285 applicability of a dendrohydrological network approach to reconstructing discharge. 286
Assuming that the relationships linking variations in climate to tree-growth and to 287 discharge operative over the period Figure 6 . The wavelet power spectrums and global wavelets for dendrohydrologically 553 estimated discharges for the major northern Eurasian rivers and their total combined 554 discharge for the common period 1800-1990. The contour levels are chosen so that 75%, 555 50%, 25%, and 5% of the wavelet power is above each level. The cone of influence is 556 indicated by the cross-hatched region. The 10% significance level is indicated by black 557 outlining on the power spectrums and a dashed line on the global wavelet. 
